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Marie Unna hereditary hypotrichosis (MUHH) is a rare autosomal dominant disorder characterized by coarse, wiry,
twisted hair developed in early childhood and followed by the development of alopecia. A locus for this disorder
was localized to chromosome 8p, but no gene responsible for it has been identiﬁed.To map and determine whether
MUHH is a genetically heterogeneous disorder and identify the disease gene locus in a four-generation Chinese
family with MUHH. We performed a genome-wide scan in this family. Two-point linkage analysis was performed
using Linkage programs version 5.10 software and haplotype was constructed with Cyrillic Version 2.02 software.
We failed to conﬁrm the previous locus for MUHH at chromosome 8p and obtained the conformed evidence for
linkage at chromosome 1. Two-point logarithm of odds ratio scores X3 were observed at markers D1S2746 and
D1S2881. Haplotype analysis localized this locus to a 42 Mb region. The previous results and this study have shown
that MUHH is a genetically heterogeneous disorder. Our family was mapped to a 17.5 cM region between markers
D1S248 and D1S2345.
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Marie Unna hereditary hypotrichosis (MUHH) is a rare au-
tosomal dominant disorder. It was first described by Marie
Unna in an extended German family in 1925 (Unna, 1925).
To date some cases of MUHH have been reported in dif-
ferent countries (Unna, 1925; Peachey and Wells, 1971;
Argenziano et al, 1999; Roberts et al, 1999). Clinically,
MUHH main features include coarse, wiry, twisted hair dur-
ing childhood preceding the development of progressive
patterned scalp alopecia in the second or third decade
(Green et al, 2003). In most MUHH pedigrees, the affected
members usually have little or no body hair, eyelashes,
eyebrows, and secondary sexual hair. Apart from hair loss,
there are no common associated disorders in MUHH. Light
microscopic examination from hair of the scalp could show
thick, irregular, and twisted hair (He et al, 2004).
There are some studies on the molecular basis of MUHH.
In a large Dutch family with MUHH, the authors detected
linkage with marker D8S258 on 8p by a genome-wide
search and informative recombinants placed the MUHH lo-
cus in a 2.4 cM interval between D8S258 and D8S298 on
8p22–p21 (van Steensel et al, 1999). This locus was con-
formed by other several genetic linkage studies and the
genetic interval was further narrowed (Cichon et al, 2000;
Lefevre et al, 2000; Sreekumar et al, 2000; He et al, 2004).
Because the MUHH locus mapped to the same region of
chromosome 8 as the human homolog of the mouse ‘‘hair-
less’’ gene which had been shown to carry recessive mu-
tations responsible for congenital atrichia univerrsalis and
congenital atrichia with papules (Ahmad et al, 1998,1999;
Cichon et al, 1998; Sprecher et al, 1999, van Steensel et al,
1999; Zlotogorski et al, 2002), these study groups per-
formed mutation analysis of the HR gene, but found no
mutations in MUHH pedigrees.
The MUHH pedigree in this study was reported previ-
ously and linkage analysis excluded the chromosome 8p
region (Yan et al, 2004). From our further efforts, we col-
lected available family members’ information and per-
formed a genome-wide scan. The results showed that
MUHH could be a genetically heterogeneous disorder and
we mapped the MUHH locus on chromosome 1p21.1–
1q21.3 in this family.
Results
Clinic ﬁndings and scalp biopsies The proband, individ-
ual III:4, a 36-y-old female, had little or no scalp hair at birth
and normal teeth, nails, sweating, and hearing. Intellectual
and sexual development is also normal. In childhood, her
hair became wiry and irregular and difficult to manage. The
forehead and parietal areas remained bald or sparse and
the eyebrows/eyelashes had always been thin. Histological
examination of skin biopsy of the proband shows a marked
reduction of mature hair follicles. Other affected family
members have similar abnormalities of hair and diseaseAbbreviation: MUHH, Marie Unna hereditary hypotrichosis
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history. The clinic and histological pictures are showed in
our previous paper in details (Yan et al, 2004).
Linkage analysis From our previous studies, we have per-
formed the genotyping using 11 microsatellite markers
spanning the MUHH locus at 8p, but two-point linkage
analysis of this family revealed significant exclusion of this
locus (logarithm of odds ratio (LOD) scoreso2) at a re-
combination fraction (y) of 0.00 (Yan et al, 2004). Table I
summarized the two-point and multipoint linkage analyses
for the markers at chromosome 1. Maximum two-point LOD
score were obtained for the markers D1S2746 and
D1S2881 (Zmax¼3.01, y¼0.00). A maximum multipoint
NPL score was obtained for the marker D1S2881
(NPL¼5.7406, p¼ 0.0078).
Haplotype analysis To determine the smallest interval
containing the MUHH locus, recombination events among
the family members were analyzed by haplotype recon-
struction (Fig 1). The recombination events in individuals
III:9 and IV:4 place the MUHH locus upper to D1S248 and
these two affected members and an unaffected member
IV:3 place the lower boundaries to D1S2345. These results
suggest that the gene responsible for MUHH in this family
lies in the 17.5 cM (about 42 Mb) interval between D1S248
and D1S2345.
Discussion
MUHH (OMIM: %146550) is a rare autosomal dominant
disorder. It is characterized by body hair, coarse, wiry,
twisted hair developed in early childhood and was followed
by the development of alopecia. The Marie Unna type of
hypotrichosis is distinguished from hypotrichosis simplex
(OMIM: %605389) by the presence of a twisting hair dys-
trophy, which led Solomon et al (1971) to name MUHH
‘‘hereditary trichodysplasia’’. The hypotrichosis simplex is
inherited by an autosomal dominant pattern and the affect-
ed adults presented with sparse, thin, and short hair. The
disease gene is located at 18p11.32–p11.23 (Baumer et al,
2000). Green et al reported an Australian family had pro-
gressive patterned scalp hypotrichosis and wiry hair similar
to that seen in MUHH (OMIM: 609250). The features differ-
ing from those of MUHH included absence of signs of ab-
normality at birth, relative sparing of body hair, distal
onycholysis, and intermittent cosegregation with autosomal
dominant cleft lip and palate. This study group excluded
linkage of the disorder to the MUHH locus on chromosome
8p21 (Green et al, 2003). Rafique et al (2003)have mapped a
locus for hereditary hypotrichosis (HTL1, OMIM: #607903)
localized to chromosome 18q21.1 in three consanguineous
families presenting an autosomal recessive form. The ge-
netic basics of these diseases have not been identified
completely.
Table I. Two-point and multipoint linkage analysis between Marie Unna hereditary hypotrichosis and the markers at
chromosome 1
Two-point linkage analysis Multipoint linkage analysis
Markers Location (cM)
LOD score at h
Zmax hmax NPL score p-value0.00 0.10 0.20 0.30 0.40
D1S206 137.6 1 1.51 1.27 0.87 0.41 1.51 0.10 0.1223 0.2089
D1S495 140.8 1 1.51 1.27 0.87 0.41 1.51 0.10 0.1230 0.2089
D1S248 143.3 1 1.51 1.27 0.87 0.41 1.51 0.10 0.0930 0.2119
D1S2651 146.7 2.52 2.14 1.68 1.14 0.52 2.52 0.00 4.6066 0.0078
D1S2695 147.9 2.71 2.21 1.67 1.08 0.46 2.71 0.00 5.7397 0.0078
D1S2726 149.0 1.03 0.85 0.66 0.46 0.24 1.03 0.00 5.7387 0.0078
D1S502 151.2 2.10 1.70 1.26 0.79 0.30 2.10 0.00 5.7331 0.0078
D1S2746 152.2 3.01 2.46 1.87 1.22 0.54 3.01 0.00 5.7390 0.0078
D1S2881 153.3 3.01 2.46 1.87 1.22 0.55 3.01 0.00 5.7406 0.0078
D1S252 155.1 2.27 1.91 1.49 1.00 0.44 2.27 0.00 5.7366 0.0078
D1S514 157.4 2.71 2.21 1.67 1.08 0.46 2.71 0.00 5.7340 0.0078
D1S2696 158.5 0.44 0.35 0.26 0.17 0.09 0.44 0.00 5.7372 0.0078
D1S498 160.7 2.41 1.95 1.46 0.94 0.42 2.41 0.00 5.7324 0.0078
D1S2343 160.7 0.15 0.10 0.06 0.03 0.01 0.15 0.00 5.7339 0.0078
D1S2345 160.8 1 0.56 0.67 0.50 0.23 0.67 0.20 0.0930 0.2119
D1S2715 164.1 1 0.03 0.10 0.09 0.04 0.10 0.20 0.2332 0.1679
LOD scores were calculated under an autosomal dominant mode of inheritance, a penetrance of 100% at various recombination fractions. Genetic
coordinates in centimorgans according to the final Genethon human linkage map (Dib et al, 1996).
LOD, logarithm of odds ratio.
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Hair growth occurs in unsynchronized cycles consisting
of three phases: anagen (growth phase), catagen (shorten-
ing phase), and telogen (resting phase). Up to date, many
studies indicated some genes are responsible for various
dominant and recessive forms of nonsyndromic hypo-
trichosis. The ‘‘hairless’’ gene (HR, OMIM: 602302) is on
chromosome 8p and contains 19 exons spanning more than
14 kb. The product may regulate one of the transitional
parts of hair growth pathway. Alopecia universalis congenita
(ALUNC, OMIM: #203655) is an autosomal recessive inher-
ited disease and the scalp, eyelashes, eyebrows, and body
hair of patients were affected but not completely absent.
Atrichia with papular lesions (APL, OMIM: #209500) is also
an autosomal recessive disease characterized by papillary
lesions over most of the body and almost complete ab-
sence of hair. These two disorders are located on chromo-
some 8p and the ‘‘hairless’’ gene mutations could lead them
(Ahmad et al, 1998; Henn et al, 2002). Additionally, the mu-
tations of two hair cortex keratin genes hHb1 and hHb6
localized on chromosome 12q13 could cause the inherited
hair disease monilethrix (Winter et al, 1997a, b). The hypo-
trichosis simplex of the scalp (HTSS, OMIM: #146520) can
be caused by mutation in the CDSN gene (Betz et al, 2000).
In our study, about half of the family members suffered
from MUHH, showing no male or female preference. This
property is consistent with autosomal dominant inheritance.
Clinical and histological features both supported the diag-
nosis of MUHH. Because we excluded the linkage associ-
ation between this MUHH family and the locus 8p (Yan et al,
2004), we performed a genome-wide scan in this family
using 382 fluorescent microsatellite markers and 16 addi-
tional microsatellite markers were selected from Genethon
linkage maps (Dib et al, 1996). The two point maximum LOD
score obtained was 3.01 with markers D1S2746 and
D1S2881 (y¼0.00), and the multipoint linkage analysis
supported these study results. We positioned the MUHH
locus upper to D1S248 and lower boundaries to D1S2345.
As a result, we identified a novel locus on 1p21.1–1q21.3 for
MUHH. There are about 388 genes within the 42 Mb critical
region, including about 240 known genes, a large number of
predicted genes and numerous expressed sequence tags.
At present, we have not found any obvious candidate genes
that affect hair growth in the interval.
In conclusion, we found a novel locus for MUHH on
chromosome 1p21.1–1q21.3 in a Chinese family. These in-
dicated that MUHH is a genetically heterogeneous disorder.
Further studies are continuing to confirm this locus and the
elucidation of the molecular mechanisms of MUHH must
await the identification and functional analysis of candidate
genes.
Materials and Methods
Study participants A four-generation family from Anhui province
of China with MUHH features was recruited for this study. It
showed an autosomal-dominant inheritance pattern. After obtain-
ing informed consent from all the participants, all family members
received careful physical examinations by experienced dermatol-
ogists. A total of 19 family members participated in this study.
Blood samples were collected from available family members and
Genomic DNAs were extracted from peripheral blood by use of a
blood kit (Qiagen, Hilden, Germany). This study was approved by
Anhui Medical Institutional review board and conducted according
to Declaration of Helsinki Principles.
Genotyping We performed a genome-wide scan using 382 fluo-
rescent microsatellite markers from the autosomers (ABI Prism
Linkage Mapping Set Version 2). Sixteen additional microsatellite
markers were selected from Genethon linkage maps (Dib et al,
1996). The average distance between markers for the genome scan
is about 10 cM. PCR reactions were performed with a touchdown
program in a 5mL solution that contained 10 ng of genomic DNA, 10
mM Tris-hydrochloride (pH 8.3), 50 mM magnesium chloride, 0.2
mM each dinucleoside triphosphate, 0.04 mM of each primer and
0.2 Un AmpliTaq Gold (Applied Biosystems, Foster City, California).
The PCR conditions were: Taq activation at 941C for 12 min, fol-
lowed by 40 cycles, each having denaturation at 941C for 30 s,
annealing at 561C for 60 s, and extension at 721C for 90 s, except
that in the first 15 cycles the annealing temperature decreased from
631 to 561C by 0.51C per cycle, and the final extension was 10 min.
Products were separated on a MegaBACE-1000 DNA sequencer
(Amersham Bioscience, Piscataway, New Jersey). Genetic Profiler
Figure 1
Haplotype analysis of this family. Black symbols denote affected in-
dividuals, whereas white symbols denote unaffected individuals. Ha-
plotypes are shown for all available members with marker names at the
left of each generation. Black bars represent disease-carrying haplo-
types, and the gray bar denotes noninformative regions adjacent to
critical recombination events. The black arrow indicates the proband of
this family.
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software (Amersham Bioscience) was used for size calculation of all
the alleles.
Linkage and haplotype analyses Autosomal-dominant inherit-
ance with 99.9% penetrance was assumed. The affected allele
frequency was taken as 0.0001. Marker allele frequencies were
obtained from all individuals’ genotyping data. The recombination
frequency was assumed to be equal for both sexes. Two-point
linkage analysis was performed using Linkage programs version
5.10 (Lathrop and Lalouel, 1984). Multipoint linkage analysis was
performed using GENEHUNTER software (Version 2.0). Haplotypes
were constructed with Cyrillic Version 2.02 software (Sobel and
Lange, 1996).
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